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Allergen specific immunotherapy involves the repeated
administration of allergen products in order to induce
clinical and immunologic tolerance to the offending allergen.
Immunotherapy is the only etiology-based treatment that has
the potential for disease modification, as reflected by longterm
remission followingits discontinuation and possibly prevention
of disease progression and onset of new allergic sensitizations.
Whereas subcutaneous immunotherapy is of proven value
in allergic rhinitis and asthma there is a risk of untoward side
effects including rarely anaphylaxis. Recently the sublingual
route has emerged as an effective and safer alternative.
Whereas the efficacy of SLIT in seasonal allergy is now well-
documented in adults and children, the available data for
perennial allergies and asthma is less reliable and particularly
lacking in children. This review evaluates the efficacy, safety
and longterm benefits of SCIT and SLIT and highlights new
findings regarding mechanisms, potential biomarkers and
recent novel approaches for allergen immunotherapy.

Introduction

Allergen immunotherapy (also termed hyposensitization therapy,
immunologic desensitization) involves the gradual administra-
tion of increasing amounts of allergen to which the patient is
sensitive, for the purpose of modulating the immune response
to that allergen and alleviating allergic symptoms. It is the only
treatment strategy which treats the underlying cause of the aller-
gic disorder, by induction of a state of immunologic tolerance. It
is a cost-effective treatment strategy that results in a reduction
in symptoms of allergic-rhinitis and allergen-related asthma, as
well as an improved quality of life and a decrease in absenteeism
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from school or work."” Immunotherapy is able to provide long-
term remission of allergic symptoms and may reduce the chance
of developing new sensitization to other allergens.'? A decision
whether to treat with immunotherapy will depend on a variety
of personal and organizational factors which determine whether
one type of immunotherapy is more suitable then another.!
Indeed there are two commonly used types of immunotherapy:
subcutaneous (SCIT) and sublingual (SLIT).

One hundred years ago, Leonard Noon published in 7he
Lancet the first paper on allergen subcutaneous immunotherapy.’
This paper documented Dr Noon’s experiments in which he
injected patients with allergic rhinitis with grass pollen every few
days, initially in minute quantities then gradually increasing the
dose. He demonstrated that the injections were associated with
an increase in tolerance to grass pollen. Fifty years later a dou-
ble blind, placebo-controlled study was undertaken by William
Franklin, which proved beyond doubt that subcutaneous immu-
notherapy was effective.® The first description of the sublingual
route was from GK Scadding and J. Brostoff and the first clini-
cal attempts with this administration were performed only a few
years later.””

In 1986 The British Committee for the Safety of Medicines
reported “since 1957, 26 patients in the UK have died from ana-
phylaxis induced by subcutaneous immunotherapy.”’® In this
context the interest in a non-injection route increased. In 1986
the first randomized controlled trial of the sublingual (SLIT)
was published.” In 1993 the European Academy of Allergy and
Clinical Immunology (EAACI) immunotherapy position paper
considered SLIT as a “promising route” for hyposensitization™'.
The World Health Organisation (WHO) in 1998 and the WHO-
supported ARIA document (Allergic Rhinitis and its Impact
on Asthma) in 2001 vindicated SLIT as an alternative route to
SCIT in adults and children.!*"? Subsequently several random-
ized, double-blind, placebo-controlled trials (DBPC-RCT)
demonstrated the efficacy and safety of SLIT. These included
studies of SLIT for grass and house dust mite (HDM) allergy.
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Table 1. Summary (synopsis of Cochrane) meta-analyses for SCIT

Symptom scores SMD Medication scores SMD
RCTs included (95% CI) 12 (heterogeneity)  (95% CI) 12 (heterogeneity) Cochrane
Disease Authors (y) (No. of participants) No. of studies No. of studies Review

Rhinitis Calderon et al (2007) * 51 (2871) —0.73 (~0.97, -0.50) —0.57 (~0.82, —0.33) Yes
Adults I°=63.2% I° = 64.0%
(seasonal) 15 Studies 13 Studies

Asthma Abramson et al (2010)° 88 (3459) —0.59 (~0.83, — 0.35) —0.53 (-0.80, —0.27) Yes
Adults and children I°=90% I°=66.9 %
(seasonal and perennial) 35 Studies 21 Studies

RCT, randomized clinical trials; SMD, standard median deviation.

Formulations for SLIT included drops and subsequently sublin-
gual tablets. Indications were for allergic rhinitis and included
the establishment of dose-response relationships for these aller-
gens. Grass pollen allergen tablets were registered in Europe for
sublingual use in seasonal allergic rhinitis in 2007.

The main indications for immunotherapy are:

¢ IgE-mediated seasonal pollinosis, if symptoms have not
responded adequately to optimal pharmacotherapy.

e Selected patients with animal dander or house dust mite
allergy in whom allergen avoidance and pharmacotherapy fail to
control symptoms®

Subcutaneous Immunotherapy (SCIT)

Efficacy in rhinitis and asthma. A recent Cochrane systematic
review focused on the efficacy of SCIT in seasonal allergic rhini-
tis (SAR)." Of 1,111 abstracts identified, 51 full papers satisfied
the inclusion criteria, representing a total of 2871 participants:
1645 active and 1226 placebo, each receiving on average of 18
injections. Primary outcomes focused on efficacy (symptom
scores, medication scores and rhinoconjunctivitis quality of life
questionnaires). The efficacy of SCIT in patients with SAR was
demonstrated by a significant reduction in all these outcomes,
compared with placebo treatment (Table 1). One multi-center
study assessed the efficacy of subcutaneous in over 400 patients.
The study involved an alum-adsorbed grass pollen extract
(Alutard SQ grass pollen, ALK-Abéllo, Horsholm Denmark).”
Mean symptom and medication scores (reduced by) of 29% and
32%, respectively in the high dose group (100,000 SQ units
monthly maintenance dose containing 20 pg of major allergen

Table 2. Summary (Synopsis of Cochrane) meta-analyses for SLIT

Phleum pl) compared with placebo treatment (both p < 0.001).
This study included polysensitized subjects and improvement
was observed despite free access to optimal conventional anti-
allergic medication. Thus this study shows that SCIT conferred
clinical benefit over and above that achievable with standard
drug therapy. Further trials that compare head-to-head the effec-
tiveness of SCIT and pharmacotherapy are needed to confirm
this possibility. There is no current review and meta-analysis on
SCIT for perennial rhinitis, although individual studies have
shown efficacy for mite allergy. A major reason to account for
possible reduced efficacy of mite immunotherapy is that multiple
trigger factors other than house dust mite either allergic or non-
allergic could be responsible for perennial nasal symptoms in
patients with perennial symptoms and an SPT positive to mite.
In one trial' after 1 y of mite immunotherapy, symptom and
medication scores were reduced by 58% (p < 0.002) and 20%,
respectively.

In allergic asthma, the clinical efficacy of SCIT has been
demonstrated by studies in adults and children sensitized to
seasonal and perennial allergens.”" A recent Cochrane meta-
analysis assessed allergen specific immunotherapy for asthma.?
Eighty-eight clinical trials fulfilled the criteria for inclusion. A
total of 3,792 patients (3,459 with asthma) were involved. There
was a significant improvement in asthma symptom scores and
a significant reduction in medication following immunotherapy
(Table 1). For Lung function outcomes there was heterogeneity
among studies although overall there was a trend for improve-
ment in lung function. There was a marginal improvement in
non-specific bronchial hyper-reactivity (SMD -0.35, 95% CI
-0.59 to -0.11), and a significant reduction in allergen specific

Symptom scores SMD
(95% CI) 12 (heterogeneity)
No. of studies

RCTs included
Disease Authors (y) (No. of participants)

Medication scores SMD
(95% CI) 12 (heterogeneity) Cochrane
No. of studies Review

Rhinitis Wilson et al (2003) *° 22 (979)

—0.42 (-0.69, —0.15)

—0.43 (-0.63, —0.23) Yes

Adults and children I’=73.5% I’= 43.8%
21 Studies 17 Studies
S. Radulovic et al (2011)*7 49 (4589) —0.49 (<0.64, —0.34) —0.32 (—0.43, -0.21) Yes
Adults and children 2=81% I’ =50%
49 Studies 38 Studies

RCT, randomized clinical trials; SMD, standard median deviation
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Table 3. Summary (synopsis) of non Cochrane meta-analyses for SLIT

Symptom scores SMD

Medication scores SMD

RCTs included (95% CI) 12 (heterogeneity)  (95% CI) 12 (heterogeneity) Cochrane
Disease Authors (y) (No. of participants) No. of studies No. of studies Review
Rhinitis Olagui’bel et al (2005)° 6 (232) —0.44 (-1.22, 0.35) NR No
Children I’=NR
Penagos et al (2006)°" 10 (484) —0.56 (—1.01,—0.10) —0.76 (-1.46, —0.06) No
Children I= 81.1% I” = 85.5%
10 Studies 7 Studies
Compalati et al (2009)°’ 8 —0.95 (-1.77,-0.14) —1.88 (-3.65,-0.12) No
Adults and children I” =92% I” =95%
8 studies 4 Studies
Asthma
Calamita et al (2006) 25 (1706) —0.38 (<0.79, 0.03)* —0.91 (-1.94, 0.12)* No
Adults and children I* =63.9% I'=91.8%
Penagos et al (2008)” 9 (441) —1.14 (-2.1,-0.18) ~1.63 (-2.83, —0.44) No
Children I’=94.45 I’=95.4
Compalati et al (2009)°’ 9 —0.95 (-1.74, -0.15) —1.48 (-2.70, —0.26) No
(only HDM) Adults and children I’ =92% I* = 96%
8 Studies 7 Studies

RCT, randomized clinical trials; SMD, standard median deviation.

BHR following immunotherapy (SMD -0.61 95% CI -0.79 to
-0.43). The finding that allergen immunotherapy significantly
improves allergen specific bronchial BHR is clinically important,
since patients with allergic asthma are at risk of sudden deteriora-
tion when exposed to increased levels of an aeroallergen to which
they are sensitive. Thus, in clinical terms, successful immuno-
therapy for asthma may result in not only a reduction in asthma
symptoms and use of rescue medication, but also a lowering the
risk of asthma attack upon unexpected or inevitable allergen
exposure. One study” assessed the effects of specific immuno-
therapy as an add-on to pharmacologic treatment and allergen
avoidance, in patients with mild-to-moderate asthma and allergy
to house dust mite. After three years of administration of an
alum-adsorbed HDM SCIT vaccine, a significant decrease in
the number of subjects requiring rescue bronchodilators was
observed. Another study demonstrated corticosteroid sparing in
children when an alum-adsorbed HDM SCIT vaccine was added
to asthma therapy.?

Safety of SCIT. All preparations that are currently available
(standardized extract, allergoids and recombinant allergen) may
trigger side effects. A Cochrane meta-analysis of SCIT for SAR
showed 8% of grade II and 7% of grade III systemic reactions
(according to the European Academy of Allergy and Clinical
immunology for adverse event). Adrenaline/epinephrine was
given in 0.13% of injections (14). A higher risk is detected in
subjects with accelerated dosing schedules, and in subjects with
asthma.”?

A Cochrane meta-analysis of SCIT for asthma patients (20)
reported large local adverse and systemic reactions where the
pooled relative risk was 1.4 (95% CI 0.97 to 2.02) and 2.45
(95% CI 191 to 3.13) respectively. The incidence of systemic
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reactions (SR) was greater than that previously reported in the
literature (19.9% compared with 5% to 7%). The prevalence
of near fatal reactions in this meta-analysis were reported as 1
in 1.0 million injections and fatal reactions as 1 in 2.5 million
injections (Abramson). This compares with the absence of any
reports of anaphylaxis in the recently updated Cochrane review
of Sublingual immunotherapy (Radulovic), although this was
primarily in patients with rhinitis. There have been 5 isolated
reports worldwide of anaphylaxis following sublingual treatment
(reported below and Table 4)

Risks factors for severe adverse reaction during SCIT have
been identified as follow:

¢ Co-existing asthma

* Poorly controlled asthma

* History of previous systemic reaction(s) to immunotherapy

* Delay or omission of the use of adrenaline in treating
anaphylaxis

e Inappropriate selection of candidates for injection
immunotherapy

* Dosing errors

¢ Changeover between batches of allergen; reaction to the first
dose of a new vial

e Lack of cardio-respiratory resuscitation facilities

e Commencing an updosing immunotherapy regimen during
concomitant high environmental allergen exposure, for example
during the pollen season.

Although safe when performed in a specialist clinic by trained
staff, with immediate presence of a doctor experienced in immu-
notherapy and access to resuscitative measures, subcutaneous
immunotherapy carries a small risk of significant adverse effects.
In view of these risks, within UK, SCIT is not recommended
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Table 4. Cases of anaphylaxis after SLIT treatment

(Table 2). These data con-
tinue to support the clinical
efficacy of SLIT for allergic
rhinitis.

In contrast to the origi-
greater
studies has

nal review, the
number of
allowed more meaningful
analyses of some of the pre-
determined subgroups. For
example there are now 15
studies looking exclusively

Gender | Age Diagnosis Sensitizations SLIT
F 31 Seasonal allergic rhinitis, Multiple Mixed extracts of grass,
Asthma, tree nut allergy ragweed, cat, dog (drops)
F 36 Latex allergy, urticaria, Latex Latex extract (drops)
Asthma
F 11 AR, Asthma HDM, HDM and mixed grass
seasonal extracts
allergens
F 16 Perennial rhinitis, Asthma HDM HDM extract
M 13 Seasonal allergic rhinitis Grass, tree | Grass extract (tablets)
F 27 Seasonal allergic rhinitis, Grass, tree | Grass extract (tablets)
Asthma

at children.?®? The treat-

for the treatment of perennial asthma in the United Kingdom.
In contrast the presence of seasonal asthma in those with severe
seasonal pollinosis is not a contraindication when updosing is
performed out of the pollen season with appropriate dosage adjust-

ment in season as recommended in international guidelines.*?

Sublingual Immunotherapy

Efficacy in rhinitis and asthma. SLIT involves the regular self-
administration of allergen extract (prepared as drops or tablets)
that are retained under the tongue for 1-2 min and then swal-
lowed. SLIT is in general taken once daily, in contrast to the
usual 4-6 weekly maintenance administration of SCIT after up
dosing. A recent Cochrane review (an update of a previous review,
see ref. 26) evaluated the efficacy of SLIT in subjects affected by
AR (with or without asthma or conjunctivitis), compared with
placebo.”” The efficacy of SLIT was compared with placebo by
analysis of symptoms and/or medication scores of patients of any
age (children and adults) affected by allergic rhinitis, with or
without allergic conjunctivitis, with or without allergic asthma.
Subgroup analysis was performed according to the following cri-
teria: (1) seasonal vs. perennial allergens; (2) children vs. adults;
(3) major allergen content of vaccine contained in a monthly
maintenance dose(< 5 mecg vs. 5-20 pg vs. > 20 pg); (4) duration
of immunotherapy (< 6 mo vs. 612 mo vs. 12 mo); (5) sublin-
gual spit vs. sublingual swallow immunotherapy protocols; (6)
sublingual drops vs. tablets.

60 DBPC RC T were considered, with 49 being suitable for
meta-analysis, comprise of a total of 2,333 on active treatment
(SLIT) and 2256 on placebo. Most trials were performed with
grass pollen (23 studies). Other allergens used were Parietaria
(5 trials), ragweed (2 trials), trees (9 trials: 2 olive, 3 cypress, 2
birch pollen, 2 mixed trees), 8 house dust mite and 1 cat immu-
notherapy trial. One trial investigated the efficacy of grass pollen
and birch pollen immunotherapy. 34 studies were performed in
adults and 15 investigated efficacy and safety in children. The
overall results of the meta-analysis differ little from those seen in
the original review in 2003, with the overall effect for symptom
scores SMD being of a similar magnitude, with tighter confi-
dence intervals reflecting the greatly increased number of study
subjects. The same is true for the analysis of medication scores
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ment effect within this sub-
group of trials appears to be
similar to that seen in adults. When subgroups of seasonal verses
perennial allergens are considered the standardized mean differ-
ence for perennial mite allergy appears greater than for pollinosis,
whereas this data must be interpreted with great caution since the
data involve few studies with low participant numbers and the
means are accompanied by very wide confidence intervals.
Other systematic reviews and meta-analyses (independent
of the Cochrane center) assessed the efficacy of SLIT in chil-
dren with allergic rhinitis (Table 3).3*3"% Penagos® evaluated
ten articles that enrolled participants 18 years or younger, with
a history of allergic rhinitis (with or without asthma or con-
junctivitis). Four hundred eighty-four participants were ana-
lyzed. Results showed a significant reduction in nasal symptoms
compared with placebo (Table 3). Subgroup analysis showed
a significance reduction in symptom scores for pollen SLIT
(SMD, 0.53; 95% CI, 0.94-0.12; p = 0.01) but not for mite
SLIT (SMD, 0.76; 95% CI, 1.77—0.72; p = 0.41). One possible
explanation may be differences in doses employed. In one study
that involved a cumulative dose of 12 pg of major allergen, clin-
ical efficacy appeared greater than in those trials that employed
lower doses.’%3-% In a meta-analysis of 7 studies, Olaguibel et
al.?% identified significant efficacy for SLIT (including mite aller-
gen) for respiratory allergy in children (Table 3). However the
small size and high heterogeneity make a generalisable interpre-
tation difficult. Data in favor of sublingual immunotherapy in
children are less convincing and hence more definitive trials are
needed. For example, a recent study in United States evaluated
the efficacy and safety of grass pollen allergen tablet sublingual
immunotherapy containing 15 pg Phleum p5 in 345 children
and adolescents. The subjects had predominant seasonal symp-
toms whereas 90% were polysensitized, and one quarter had
asthma.’® The total combined score improved 26% (p = 0.001),
the daily symptom score improved 25% (p = 0.005) and the
daily medication score improved 81% (p = 0.006) compared
with placebo. These results are comparable to those reported
in an independent study of grass sublingual tablet treatment
in European children.?® Rescue medication use was lower than
that reported in the European study.?® This outcome is probably
due to the lower peak pollen count observed in the US study
and consequently reduced symptom severity (and rescue medi-
cation use). SLIT was equally effective for rhinoconjunctivitis
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Table 5. Rhinoconjunctivitis symptom and medication scores during 5 grass pollen seasons

Original trial

Extension trial

Season 1 Season 2 Season 3 Follow up Season 4 Follow up Season 5
N° (grass AIT) 282 172 160 142 135
N° (Placebo) 286 144 127 115 103
DSS (difference in means %)
Relative to placebo 31% 36% 29% 26% 25%
P value <.0001 <.0001 <.001 <.001 <.004
DMS (difference in means %)
Relative to placebo 38% 45% 40% 29% 20%
P value <.0001 <.0001 <.001 <.022 <114
RCS (difference in means %)
Relative to placebo 33% 41% 36% 34% 27%

Percentage of days with severe symptoms, peak season (difference in %)

Relative to placebo 52% 63% 61% 49% 54%
P value <.0001 <.0001 <.0001 <.0001 <.0001
Odds ratio 0.43 0.34 0.35 0.47 0.43
Mean RQLQ scores, peak season

Relative to placebo 25% 29% 32% 28% 26%
P value <.0001 .0003 <.0001 .0011 .0047

outcomes in multisensitized compared with monosensitized
participants and no worsening of asthma was observed.

Compalati et al.”” performed a meta-analysis of SLIT in mite
sensitive adults and children. Whereas overall statistical significance
was observed for the combined studies this was lacking within the
pediatric studies and the small numbers and high heterogeneity
prevent firm conclusions. Similarly a review by Calamita®® evalu-
ated 25 randomized-controlled studies of SLIT in participants with
allergic asthma. Results showed a significant reduction in symp-
tom score and medication use and a significant improvement in
respiratory function (FEV1, FEV1%, FEF25-75%) in adults and
children. Again wide variability and heterogeneity was observed.
In 2008 Penagos et al.* reported a meta- analysis of efficacy of
SLIT in children with asthma with similar findings. Unfortunately
all these meta-analyses represented only small numbers of studies,
with few participants. Furthermore the large heterogeneity ques-
tions the reliability of the overall conclusions that can be drawn,
as acknowledged by the authors of these reviews. Whereas the effi-
cacy of SLIT in seasonal allergy in both adults and children is well-
documented, the available data for SLIT for perennial allergens
and in asthma is less reliable and particularly lacking in children,
thereby highlighting the need for more definitive large trials, as
currently available for seasonal grass pollen allergy. The success of
SLIT for seasonal grass pollen allergy and the high safety margin
observed for SLIT compared with SCIT provides impetus for these
studies to be performed with high priority.

Studies of sublingual immunotherapy have consistently shown
that provided the allergen used for immunotherapy is histori-
cally the predominant cause of symptoms, the beneficial effect of
SLIT in polysensitized participants is similar to that observed for
monosensitized subjects, for example Malling.*’ This is of impor-
tance since the majority of allergic patients are polysensitized. In
one study participants were treated with sublingual grass allergen
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tablets containing 100 IR, 200 and 500 IR (in-house arbitrary
units). There were comparable improvements in participants
receiving 300 IR and 500 IR tablets (37% and 35%reductions
in total rhinoconjunctivitis scores compared with placebo treat-
ment. Adverse events were mild-to-moderate in severity and in
general did not require any intervention. No serious systemic
events or anaphylactic shock were observed. The authors con-
cluded that daily 300 IR tablets (containing 15-25 pg Phleum
p5) were optimal and efficacy was achieved regardless of the pres-
ence of polysensitization or associated seasonal asthma.

Safety of sublingual immunotherapy. One of the purported
advantages of SLIT over SCIT is greater safety, which permits
the administration of this treatment outside of the medical set-
ting. Many clinical trials have shown that SLIT (drops or tab-
lets) is well tolerated in both adult and children. None-the-less
40-85% of patients experience local side effects, such as mild
itching and mild swelling of the lips. These symptoms develop
quickly within minutes after ingestion and only last minutes.
Furthermore symptoms usually settle within 1-2 weeks of con-
tinued treatment.?* Adverse reactions have occurred in 10-15%
of patients receiving SLIT and have been mainly classified as
local, non-life-threatening, self remitting episodes. Rarely are
these reactions troublesome enough to result in discontinuation
of treatment. An important unmet need is a standardised report-
ing system for SLIT local side effects, whereas SLIT systemic
effects may be reported using the same system as recently recom-
mended by WAO for SCIT.* Other adverse reactions described
include nausea, abdominal pain, rhinitis, conjunctivitis, and
cough. Very rarely systemic reactions have been reported such as
urticaria, angioedema, and asthma. No clear predictable factors
were identified for SLIT adverse events, although they appear to
be more common in severely allergic patients, at the height of sea-
son, and with a history of a previous systemic reaction, including
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to subcutaneous immunotherapy. Five of the 6 recent individual
case reports of severe adverse events after SLIT administration
had asthma, a further potential risk factor as for subcutaneous
treatment?' (Table 4). The first case involved a mixture of mul-
tiple extracts of different allergens. The second case involved a
rush treatment schedule. In the third case anaphylaxis occurred
during the peak spring pollen season. In the fourth case the girl,
for reasons unknown, self-administered herself a considerable
overdose of the allergen extract after a long period of discon-
tinuation. The latter two cases occurred after the first dose of
a sublingual grass pollen allergen tablet taken unsupervised in
the participant’s home and not as recommended under medical
supervision for 30 min after the first dose. Patients should be pro-
vided with specific instructions regarding how to manage adverse
reactions and how to deal with unplanned treatment interrup-
tions. Furthermore it is important to store the allergen tablets or
drops in a secure place away from children.

Long-Term Efficacy

Recently data have highlighted specific immunotherapy not
only as an effective therapeutic agent but also as having disease
modifying properties, inducing disease remission. Although less
robust at the present time, evidence is also accumulating that
immunotherapy may represent a preventive strategy capable of
reducing the onset of new sensitizations to unrelated allergens,
and to reduce the likelihood of disease progression from allergic
rhinitis to asthma.

In a previous study in mite-sensitive children with asthma
who received HDM SCIT for one year, most of the participants
relapsed on blinded withdrawal in the subsequent year. In a sepa-
rate study of mite immunotherapy in children, treatment for 3y,
but not 1-2 y was associated with more prolonged remission for
up to 3 y after stopping treatment.”>*® This study and others™
demonstrated that SCIT given for a short time was associated
with a faster relapse of symptoms after discontinuation (1-3 y)
compared with treatment given for 3-4 y. A DBPC-RCT study
in grass pollen SCIT showed, after 3-4 y of treatment, no sig-
nificant difference in symptom or medication score in the subse-
quent three years.”

These data suggest that 3 y of grass pollen SCIT gives benefit
that may persist for at least three years after the cessation of the
treatment. These conclusions have been extended to include a
recent study of HDM immunotherapy.*® 5758
enrolled children with allergic rhinoconjunctivitis and evaluated
the long-term efficacy of SCIT given for three years. After 10
and 12 y of follow up a significant improvement in symptoms

Recently two studies

and a reduced onset of asthma was observed in the treated group.
However, interpretation of these studies is limited by a non-
randomized design and/or unblinded follow up. For SLIT, the
available long-term data have either consisted of small numbers
of participants, have not been placebo-controlled, or have not
shown significant benefit after the end of treatment.”-!

A recent study in adults with moderate-severe seasonal aller-
gic rhinitis investigated the sustained efficacy of 3 y sublin-
gual immunotherapy using grass allergen tablets.” The mean
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rhinoconjunctivitis score was reduced by 25% to 36% in the grass
allergen tablet group relative to placebo over the 5y (all p < 0.01)
that included 2 y of blinded withdrawal following 3 y treatment
(Table 5).% The daily rhinoconjunctivitis medication score was
similarly reduced by 20% to 45% and the combined score 27%
to 41% relative to placebo. A second study®* evaluated the long-
term efficacy of sublingual liquid extract of 5-grass pollen mixture
using co-seasonal ultra rush protocol for three consecutive years.
Moreover the participants were followed one year after discontinu-
ation. There was a trend for a difference in terms of symptoms
and medication scores, compared with placebo, but without reach-
ing statistical significance. Few studies have evaluated the clinical
effects of immunotherapy for more than 5 y.* In one study, 198
patients were divided in four groups (drug therapy alone or SLIT
for 3,4 or 5 y) and followed for 15 y. The difference in clinical effi-
cacy compared with the control group after SLIT discontinuation
remained significant for 6 y in the group receiving the immuno-
therapy for 3 y and for 7 y in the remaining group suggesting that 4
y duration of SLIT may be the optimal choice. However the small
numbers studied, only partially randomized design and inevitable
high dropout rates over such a prolonged period are a major limita-
tion and further long-term studies are needed.

Mechanism of Immunotherapy

Studies have confirmed a reduction in target organ sensitivity in
the skin, conjunctiva, nose and lung after immunotherapy®®-¢*
including inhibition or early and late responses. Moreover skin
biopsies following allergen-SIT reported reduced numbers of T
lymphocytes and suppression of eosinophil, basophil and neutro-
phil infiltration.®”” Some studies demonstrated that SCIT is able
to deviate the immune system by shifting the T- helper type 2
(Th2) dominated immune response to allergen toward a T-helper
1 (Thl) response.”®’! Furthermore generation of regulatory
T-cells secreting IL-10 and TGF-f has been observed in studies
of peripheral blood.”*”> Although other studies failed to confirm
these findings in blood.”*”> The production of Th1 and T- regula-
tory cell-dependent cytokines (IL-10 and interferon gamma has
also been confirmed in local target tissues.”*’® SIT may influ-
ence also the innate immune system. It is known that dendritic
cells (DCs) produce INF-a in response TLR-9 receptor stimula-
tion and that this is significantly impaired in allergic subjects.
Tversky et al. demonstrated that SCIT may help re-establish a
more balanced immune response by restoring the DC capacity
to respond to innate immune receptor stimuli. Allergen immu-
notherapy resulted in a three- to 5-fold increase in DC produc-
tion of IFN-a. in response to a TLR9 agonist, CpG. Peripheral
T cell tolerance following SIT is characterized by the induction
of allergen-specific regulatory T cells (T reg).”” Phenotypically
T reg are characterized by the expression of surface proteins
CD4 and high CD 25 expression. Novel biomarkers include
the increased expression of the intracellular transcription factor
FOXP3 and reduced expression of the IL-7 cell surface receptor
CD127. The capacity of these cells to produce IL-10 and TGF-§
has been reported in several studies.”>”>’®”? These cytokine are
essential for the induction of immunologic tolerance. IL-10 is a
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general inhibitor of proliferative response in T cells. Moreover
IL-10 may reduce Th2 cytokine production (IL-4, IL-5, IL-13)
and associated allergic inflammation. IL-10 is produced also by
mononuclear phagocytes,®® natural killer cells,** B lymphocytes
and by both Thl and Th2 type lymphocytes.®> Elevated levels
of IL-10 production have been demonstrated in patients treated
with SIT compared with placebo.® T reg cells are responsible for
producing this cytokine, following SCIT.

TGF-p is a pleiotropic cytokine with several regulatory func-
tions in the immune system. These include downregulation of
naive T cell differentiation into effector cells. Specifically TGF-f3
blocks the differentiation of Thl and Th2 cells by inhibiting
expression of the transcription factors T-BET and GATA-3,
respectively.*>%¢Thus the regulation of both Thl and Th2 polar-
ization may at least in part be due to the effects of T reg cells.
Furthermore it has been show that TGF-f can convert peripheral
CD4*CD25" Naive T cells to CD4*CD25* regulatory T cells
by induction of FOXP3, a transcription factor characteristic of
regulatory T cells. Moreover, TGF-f modulates IgE and FceRI
expression on Langerhans cells, is a class switch factor inducing
B cell production of non inflammatory antibody IgA® and also
induces CTLA-4 expression on T regs.®*%

Recent studies have also demonstrated immunologic changes
in the local tissue, for example, elevated numbers of IL-10*
and TGF-b* T cells and FoxP3*CD4* and FoxP3*CD25* phe-
notypic regulatory T cells within the nasal mucosa.’®' These
local increases in phenotypic regulatory T cells within the target
organ paralleled clinical improvement and were accompanied
by reduced inflammatory allergic responses (a reduction in mast
cells,’” basophils®® and eosinophils’ in the nasal mucosa).

Immunoglobulin responses. During immunotherapy for
seasonal pollinosis there is an Initial increase of serum allergen-
specific IgE without apparent ill effects, followed by blunting of

seasonal increases in IgE.?39>%

Furthermore quantitative mea-
surements of allergen-specific IgG subclasses in these patients
showed an increase in allergen-specific IgG1 and IgG4 in the
serum. However, there is a poor correlation between immuno-
reactive IgG and IgG4 levels as determined by ELISA and the
clinical response to immunotherapy. Functional studies of post
immunotherapy IgG-containing serum has shown that IgG1 and
IgG4 may contribute to induce immunologic tolerance by inhib-
iting basophil histamine release, competing with the specific IgE
and preventing its interaction with the allergen—so called IgG
“blocking activity” by direct competition with IgE for the aller-
gen, thereby inhibiting IgE receptor crosslinking and mast cell/
basophil activation in response to allergen.”””*

An alternative mechanism of functional inhibitory activ-
ity for IgGl and IgG4 is their ability to compete with IgE for
allergen binding and thereby prevent IgE-facilitated allergen
presentation by B-cells to allergic-specific T cells (IgE —FAB),
thus resulting in a decrease in T cell activation, proliferation and
Th2 cytokine production'®#4191%4 T¢ is likely that the increase
in IL-10 production within weeks and at low allergen concentra-
tions in patients treated with SCIT is responsible for isotype class
switching in favor of IgG4.5*!% One study addressed the role of
IgA in immunotherapy. IgA2 increased in response to allergen
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subcutaneous treatment and when purified from post- immuno-
therapy serum, triggered IL-10 secretion by monocytes.'®® These
findings implicate a possible role for IgA antibodies in the induc-
tion of tolerance following SIT. Quantitative measurements of
allergen-specific IgG subclasses in SIT-treated patients have also
revealed increases in allergen-specific IgG1 and IgG4 antibody

concentrations in the local target organ'?'%

Sublingual Immunotherapy

The oral mucosa is a site of natural immune tolerance induc-
tion."® Allergen uptake by specialized antigen presenting cells
(APCs) within the oral mucosa is presumed to be the first step
in successful SLIT. Dendritic cells (DCs) are abundant within
the oral mucosa.'! Moreover there are resident professional APCs
[oral Langerhans cells (oLC)] that express high levels of MHC
class I and II, costimulatory molecules such as CD40, CD80,
CD86 and high levels of the IgE receptor FceRI. These cells are
able to release IL10 in a TLR4 dependent manner''? and induce
T cells with a regulatory phenotype in vitro, after contact with
allergen. Current models of SLIT suggest) an uptake of allergen
by APCs in the oral mucosa, followed by migration to regional
lymph node.!"¥!5

Oral mucosal DCs bear high amounts of IgE bound to the
high affinity receptor for IgE (FceRI) on their cell surface and
thus are highly efficient at capturing and taking up allergens
applied to the oral mucosa during SLIT. Paradoxically, FceRI
cross-linking on DCs in the oral mucosa results in induction of
anti-inflammatory mediators such as IL-10"¢ and indoleamine
2,3-dioxygenase (IDO),"” molecules that may play a role in
immunologic tolerance and in inhibiting antigen-specific T cells
responses. It has been showed in the nasal mucosa in a murine
model that antigen-specific regulatory T cells are inducted by
activation of the IgG receptor CD32B, which contains an immu-
noreceptor tyrosine inhibitory motif (ITIM). Thus signaling by
way of FceRI, CD32B or both on mucosal DC might be a funda-
mental mechanism to achieve tolerance within the oral mucosa
in vivo.

During their migration to the regional lymph glands DC’s
upregulate surface proteins such as CD83 and CCR7 and may
prime T cells in oral lymphoid foci, reducing T cell prolifera-

tive responses and effector function'®

while also inducing Foxp3*
regulatory T cells. Recent studies have demonstrated an increase
of Foxp3 cells in the oral epithelium'? and in peripheral blood,
within months after starting SLIT."?*!?! Other studies of SLIT
observed a suppression of T cells proliferative responses, elevated
level of INF-gamma and a reduction in Th2 cytokines'?*'%
whereas some studies did not confirm this last finding in periph-
eral blood cells.!?1%

Other immunological changes in peripheral blood mononu-
clear cells from SLIT treated patients include increased expres-
sion of the programmed cell death ligand (PD-L1) on B cells and
monocytes.”® A significant reduction in the number of eosino-
phils and neutrophils in the nasal mucosa’ has been reported.
These immunological changes following SLIT may be associated
with induction of allergen-specific tolerance and imply a network
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of Langerhans cells monocytes and oral DCs and possibly B cells
that are capable of producing IL-10 and priming T reg cells that
play a major role in the induction of allergen-specific tolerance
and suppression of allergic inflammation in target organs.
Serum immunoglobulin responses during SLIT. During
SLIT for seasonal pollinosis, there is a paradoxic increased in
allergen-specific IgE, followed by blunting of seasonal increases in
serum IgE without any apparent association with adverse events.
Thereafter, allergen-specific IgGl and IgG4 concentrations in
serum increase in a time and allergen-dose dependent manner'*
and remain elevated for at least 2 y following discontinuation,'?
although of a lower magnitude than that observed after SCIT."
Even though some studies have shown no difference in the IgG
level or in IgG4 efficacy, recent studies linked increases in serum
specific IgG1 and IgG4 antibody level with an increase in IgG-
associated serum inhibitory activity for allergen-IgE binding to B
cells.”?*1%> Moreover there was a trend for a relationship between
the size of the late-phase skin response and the inhibition of IgE-
FAB.'® A likely consequence is the suppression of Th2 responses
at mucosal surfaces with a consequent suppression of allergic
inflammation and associated symptoms during the pollen season.
Increases in specific IgAl and IgA2 have also been observed
after SLIT."® This may be the result of enhanced TGF-f} expres-

sion from either antigen presenting cells'?

or T reg cells induced
following SLIT. In conclusion even though local mechanism are
additionally involved and need to be investigated in more depth,
there are marked similarities in the mechanisms of SLIT and

SCIT that may explain, at least in part, the efficacy of SLIT.
Subcutaneous vs. Sublingual Inmunotherapy

It is apparent that the subcutaneous and sublingual routes of
administration share common mechanisms of action in terms
of T cell shift and induction of “blocking” antibodies (although
the latter appears less pronounced after SLIT'” compared with
SCITY). However as mentioned above, the oral mucosa is a
“privileged” site'? for induction of tolerance and the nasal and
sublingual mucosa have a common lymphatic drainage to the
cervical lymphatic chain such that it is possible that additional
local mechanisms for SLIT are involved.”!

Whether or not this translates into altered efficacy between
SCIT and SLIT will depend on the results of adequately pow-
ered head-to-head controlled trials. There have been several com-
parisons performed although interpretation has been difficult on
account of the small numbers and open design of these studies
(Mungan, Saporta Antunez). Two studies, one involving pollen
immunotherapy in adults (Kinchi) and one involving house dust
mite immunotherapy in children (Yukselen) were randomized
and double blind. Both confirmed efficacy of SCIT and SLIT
against the placebo arm, whereas neither were adequately pow-
ered to show a difference between the two routes, if one existed.
Perhaps the best information to date comes from 2 large 4-600
patient) controlled trials of SLIT tablet immunotherapy (Dahl
R, JACI 2008 2 y results of GT-08 and Didier 2006—8) and one
large (> 400 patient) subcutaneous trial with an alum-adsorbed
vaccine®” for grass pollen induced seasonal pollinosis where an
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approximate 30-35% reduction in median symptom scores
and 40-45% reduction in medication scores was comparably
observed in all 3 trials.

Predictive Biomarkers for Clinical Response

Careful patient selection and early identification of responders is
necessary in order to target intervention at those who will benefit
and to exclude those who are less likely to respond to immuno-
therapy. The current best way to engineer a favorable outcome of
SCIT or SLIT is to ensure that patients are desensitized to those
allergens responsible for their symptoms, as identified in the his-
tory and with objective confirmation of IgE sensitivity. Even
when this is done, there is a wide spectrum in clinical response.

Any biomarker should have good positive and negative predic-
tive value, be robust, reproducible, acceptable and convenient for
the patient and feasible and economic in the context of multi-cen-
ter trials and, ultimately, in usual daily practice. Unfortunately
no such marker currently exists at present.

Based on knowledge of mechanisms of immunotherapy,
potential biomarkers include the following:

e Allergen-specific serum IgG4.

e Serum functional IgG responses: inhibition of IgE-FAB,
inhibition of basophil histamine release.

e Immediate and late-phase skin test response to allergen
provocation.

* Eosinophil cationic protein in nasal lavage

o T cell proliferation and IL-10 production ex vivo from periph-
eral blood mononuclear cells following allergen stimulation

e Bronchial responsiveness to allergen and methacoline
challenge.

So far none of these markers have been shown to be predictive
of the clinical response to SIT in individual patients. Realistically,
such a marker would require being serum-based rather than rely-
ing on complex cellular assays or provocation testing with aller-
gen or nonspecific triggers, which are complex to standardize even
between academic centers, let alone in clinical practice. Serum
allergen-specific IgG4 antibodies is the most consistent immu-
nological marker whereas IgG-associated functional assays have
been shown to correlate better with clinical parameters'®® Further
studies are needed that include pre and postimmunotherapy mea-
surements for clinical parameters as well as for biomarker measure-
ments so as to allow a within participant change in the biomarker
to be related to the individual alterations in clinical response in
order to identify individual responders and non responders.

Novel Approaches to Allergen Immunotherapy

Allergen immunotherapy is currently performed with crude
allergen extracts that usually contain non allergenic and poten-
tially toxic unwanted proteins, which may possibly induce side
effects on therapeutic administration.'”” Moreover, the three-
dimensional structure of the native allergen may be recognized
by specific IgE with potential to cause occasional severe and even
life-threatening, systemic allergic reactions. For this reason, the
optimally efficient higher dose of allergen required for successful
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Figure 1. Immunological mechanisms of immunotherapy to aeroallergens (SCITandSLIT). Reproduced with kind permission of Dr M Shamji and Clin
Exp Allergy.”” Low-dose and repeated allergen exposure at mucosal surfaces in atopic individuals results in Th2-T lymphocyte-driven, IgE-mediated
allergic responses in tyarget organs. In contrast, high-allergen exposure that occurs with immunotherapy results in a shift of T cell polarization. The
induction of T regulatory cells [inducible Treg cells (iTreg) and natural Treg cells (nTreg)] and cytokines such as IL-10 and TGF-beta suppress effector

T cell responses. There is also observed a shift from T helper 2 (Th2) to T helper 1 (Th1) T lymphocyte responses. These altered T cell responses
contribute to the induction of allergen-specific IgG, and in particular IgG4 antibody responses, and also an increase in IgA. IgG antibodies compete
with IgE for allergen and suppress both FceRI- mediated basophil/mast cell activation and IgE-Facilitated CD23-dependent allergen presentation to T
cells. There is good evidence that these mechanisms operate forimmunotherapy via both the subcutaneous and sublingual routes. It is likely that for
SLIT there are additional local mechanisms involving interactions between recirculating dendritic cells and T cells in the regional lymph glands and
nasal mucosa - since the cervical lymph chain serve both the nasal mucosa and the floor of the mouth.

SIT can sometimes not be achieved. Immunotherapy is thought
to act mainly through the mechanism of allergen-specific periph-
eral T-cell tolerance. One approach to make effective allergen
vaccines safer is to conserve T-cell epitopes while removing or
disabling IgE antibody-binding sites that are responsible for
mediating allergic/anaphylactic side effects.!?*!%

Most new strategies are based on the perceived need to modify
allergen-specific T cell function (by skewing the cytokine profile of
Th2 effector cells or inducing allergen-specific T regulatory cells)
while abolishing or reducing binding of the injected substance to
IgE, responsible for adverse events. This strategy also allows much
higher quantities of allergen to be administered safely, which may
be an important factor for tolerance induction.

Allergen variants with hypoallergenic activity following chemi-
cal modification are already in clinical practice. Formaldehyde- and
glutaraldehyde-treated allergen extracts termed “allergoids” display
low IgE-binding capacity, and are better tolerated than the native
allergen extract. Allergoids are hypoallergenic, but IgE epitopes are
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not fully destroyed and they still retain the risk of anaphylaxis.'"!
Some of the currently available hypoallergenic vaccines (allergoids)
are chemically modified using formaldehyde or glutaraldehyde.
The fusion of major allergens then expressed as a recombinant has
also been shown to be effective and potentially safer.”

Other systems used to decrease the binding efficiency of B
cell epitopes while preserving T cell epitopes include the genera-
tion of chimeric, polymeric or unrefolded molecules, by fusion
of fragments of allergen, or polymerization and denaturation of
major allergen, respectively.'*'%® Another strategy is the fragmen-
tation of allergens to alter their structure while preserving T cell
epitopes, or immunization with identified T cell epitopes.'”” This
latter strategy may be problematic in that many allergenic sub-
stances (such as grass pollen) contain a mixture of many proteins
to which most individuals (major allergens) or only a minority of
individuals (minor allergens) may respond.

T cell epitope vaccination has been most successful with aller-
gen products containing one or a few major allergens, such as cat
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dander, but even then there will be rare individuals whose MHC
haplotype precludes their T cells from recognizing the particu-
lar epitopes in a vaccine. A compromise is simply to fragment
the allergens into small peptides. Another strategy proposed for
shifting the Th1/Th2 balance consists in modifying the function
of APC through the use of Toll like receptor ligands in combina-
tion with allergens. In some studies'®’ synthetic DNA sequences
that contain CpG and the glycolipid monophosphoryl lipid A
were used as a Thl-inducing adjuvant in association with allergen
for subcutaneous immunotherapy in ragweed and grass allergic
patients. Although limited data support the effectiveness and
safety of this approach, confirmatory studies are needed.

An alternative solution is to produce recombinant allergens at
defined concentrations and in complete purity to produce vac-
cines which would then be universally standardized. While this
has been achieved successfully for some mixtures of allergens,*?
it is still problematic when extracts comprise many major and
minor allergens. Although attractive in terms of allergen stan-
dardization, this strategy is likely to be expensive and not neces-
sarily of therapeutic advantage.

Humanized monoclonal anti-IgE antibody, omalizumab, is
available for use in moderate-severe allergic asthma. Omalizumab
is well tolerated and has been shown to reduce the requirement
for inhaled corticosteroids and the risk of asthma exacerbations
Moreover, omalizumab is able to reduce circulating levels of

free IgE, inhibit early- and late-phase responses to allergen, and
reduce eosinophils, lymphocytes and IL-4- producing cells in tis-
sues. Therefore a combination of anti-IgE therapy and allergen
immunotherapy might offer advantages that neither method pro-
vides separately.'®

Intralymphatic allergen administration is an alternative route
of SIT that may potentially be safe and effective.”® This proce-
dure involves the apparently painless administration of allergen
by injection directly into a lymph node in the groin. Absence of
mast cells in lymph nodes potentially eliminates the risk of ana-
phylaxis. A short updosing protocol for intralymphatic treatment
(3 injections in 8 weeks) has been shown to suppress target organ
responses in the nose and has potential to improve patient com-
pliance in view of the lower risk of adverse events and a shortened
protocol of injections compared with conventional SCIT. (Fig. 1)
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